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This Invention relates to lipososies, a process for 
their preparation, and pharaaeeutical compositions 
containing then. 
5 It is known that vhile a variety of inactivated 

viruses are good immunogens they are also pyrogenic which 
presents a. serious disadvantage to their use as vaccines. 
One exainple of this are current influensa vaccines. These 
are composed of whole virus and suffer from problems of - 
10 pyrcgenicity as well as sensitisation to egg proteins. An 
alternative is to use influenza vaccines composed of virus 
sub-units but these are poorly isDounogenic and stimulate 
poor protection compared to live infection. 

Generally/ the poorest responses to influenza 
15 vaccines are observed in elderly patients who are most at 
risk from complications and death following infection with 
influenza* In addition to these problems, influenza 
vaccines are unpopular as they are conceived to be 
ineffective and because of fear of injections. 
20 6B-A-1564500 discloses antigenic preparations 

containing a plurality of unilamellar microvesicles, 
otherwise known as virosomes, each microvesicle conq^rising a 
single lipid bilayer upon the exterior surface of which is 
bound an antigenic protein derived from a virus. GB-A- 
25 1564500 is related to two U.S. Continuation- in-Part Patents, 
US-A-4196191 and US-A-4148B76. US-A-4148876 discloses 
antigenic virosome preparations of the type disclosed in 65- 
A-1564500 in which the antigenic protein is bound by 
hydrophobic bonding and is a haeaiagglutinin and 
30 neuraminidase sub-unit of a protective siurf ace antigen 
derived from a myxovizus and having a hydrophobic region. 

He have now found that influenza virtfsomes which 
comprise reconstituted virus envelopes and which have been 
treated to inactivate neuraminidase are highly immunogenic 
35 when administered intranasally. Significant IgA responses 
were observed in the lung lavage fluid of mice immunised 



. 04/15 12:03 1997 FROM: 

t' ' . 



wo 92/03162 



04/15 12:04 1997 FROM: 31394161109000 TO: 2128197583 PAGE: 5 

WO 92/03162 PCr/GB91/D1426 

- 2 - 

intranaisally but not parenterally. iheeB findings have 
general applicability. Accordingly « the present invention 
provides liposones which have present on their surfaces a 
polypeptide capable of binding to a aucosal cell surface of 
5 a human or ani&al and which eure substantially free of active 
neuraiainidase . The liposomes are typically virosomes. 

Liposomes are lipid vesicles enclosing a three-^ 
dimensional space. Envelope viruses comprise a lipid 
envelope. Liposomes according to the present invention may 

10 therefore be made of the lipid of an envelope virus. The 
virus envelope may be reconstituted after an envelope virus 
has been disrupted, for example by a detergent, thereby to 
form liposomes. 

Usefxil liposomes may also be made of natural or 

15 synthetic phosphocholine-containing lipids having one fatty 
acid chain of from 12 to 20 carbon atoms and one fatty acid 
claim of at least 6 carbon atoms, for example 12 to 20 
carbon atoms. Such lipids include dimyristoylpbosphatidyl-* 
choline, dioleoylphosphatidylcholine, dipalmitqylphos- 

20 phatidylcholine, dipalmitoylphosphatidylglycerol , 
distearoylphosphatidylcboline, phosphatidylcholine , 
phosphatidyl serine and sphingomyelin. Another lipid may 
also be included in the liposomes, for example cholesterol, 
which is preferably present as less than 30% w/w of the 

25 whole lipid composition. The lipid.s may further comprise a 
material to provide a positive or negative charge, such as 
phosphatidic acid, dicetyl phosphate, phosphatidyl serine or 
phosphatidyl inositol to provide a negative charge or 
stearyl amine or other primary amines to provide a positive 

30 charge. 

The liposomes used in the present invention may be 
either unilamellar or multilamellar, preferably unilamellar. 
They are typically biodegradable. The lipid of which they 
are cosqposed is generally non<*antigenic. The liposomes may 
35 encapsulate a substance, for example an antibody, antigen or 
drug. They may therefore be used as a delivery system for 
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the an cap jlaced conponent. The liposomes can be used as a 
general delivery system. 

Typically the environment within the liposomes is 
an aqueous environment* A variety of substances can be 
5 encapsulated within the liposomes, such as peptides ^ 
proteins or adjuvants* The substance may be a substance 
against which it is wished to induce an immune response, 
substances which may be encapsulated include antigenic 
subunits prepared from many types of virus such as herpes 
10 simplest virus, hepatitis A virus and hepatitis B virus. 
Proteins or peptides containing class 1 T-celi epitopes may 
be used. Encapsulation of this material within virosomes 
may help to generate a cytotoxic T-cell response against 
them. 

15 The liposomes are preferably in a form which is 

suitable for intranasal administration. Preferably, 
therefore, the mucosal cell s\irface*binding polypeptide . 
impaxrts on the liposomes the ability to bind to the nasal 
mucosa or to the mucosa of the lungs. Preferably the 

20 diameter of the liposomes is from 5 to lOOOnm, for example 
10 to 400 nm and most preferably from 20 to 100 nm. 

The polypeptide capable of binding to a mucosal 
cell surface may be glycosylated or \inglycosylated. The 
polypeptide may therefore be in the form of a glycoprotein. 

25 Preferably the polypeptide renders the liposomes fusogenic 
so that they are able to fuse with, rather simply bind to, 
host cell membranes. These membranes may be either the 
outer membrane of the membrane of endosomes following 
endocytosis. The polypeptide is typically a virus envelope 

30 polypeptide or is derived from a virus envel^ polypeptide. 
All envelope vinises bsfve a surface-binding function. The 
polypeptide nay therefore be a polypeptide which is 
naturally present on the surface of an envelope virus and 
which provides the liposomes with the capability of binding 

35 to a cell surface. The virus may be a myxovirus such as 
influenza, mumps or measles virus. In particiilar the 
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polypeptide may be or be derived from an influenza virus 
envelope protein, for example of influenza virus type k, B 
or c. . 

The polypeptide capable of binding to a cell 
5 surface may for exaaiple be a haemagglutlnin. Baemagglutinin 
is an Integral membrane glycoprotein present in isyxoviruses 
which is commonly composed of three monomers or sub*units« 
During infection of host cells, it serves two functions. 
Firstly, it attaches the virus to the cell by the binding of 

10 sialic acid residues present on cellular glycoproteins and 
glyoolipids. Second, after intemalizatim of virus into 
cellular endosomes the subsequent acidification triggers 
conformational changes in the haemagglutinin vhich lead to 
the fusion of viral and cellular membranes. Haemagglutinins 

15 are antigenic and stimulate the production of antibodies in 
hosts. 

Another type of polypeptide capable of binding to a 
cell surface may be a bacterial adhesive protein such as the 
^-siibunit of cholera toxin (CTB) or the heat-labile 

20 enterotoxin /9«-s\ibunit of E, coll (LTB). Shis may also be 
used as an adjuvant in combination with haemagglutinin. 

Neuraminidase is another glycoprotein vhich is 
found as an integral membrane protein in myxovlruses* This 
functions to cleave sialic acid residues and prevent the 

25 irreversible binding of virus to a host cell membrane by 
haemagglutinin. If active neuraminidase is present in the 
liposomes, then a significantly lover immunological response 
is observed. If active neuraminidase would otherwise be 
present in the liposomes, it must be inactivated. 

30 Neuraminidase may be inactivated by heat or by incubation 
with a neuraminidase inhibitor such as 2,3--dehydro*2*deoxy- 
N-acetylneuraminic acid (DDAN). 

The present liposomes are prepared by a process 
which comprises forming liposomes vhich have present on 

35 their stirfaces a polypeptide capable of binding to a mucosal 
cell surface of a human or animal and vhich are 
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fitibstantially free of active neurajninldase. 

The polypeptide capable of binding to a cell 
surface inay be added tti the lipid nateriale before, during 
or after, formation of the liposones. Alternatively, 
5 virosbmes can be prepared using the natural lipid of the 
envelope of an envelope virus to provide the necessary lipid 
component. If the polypeptide does not naturally associate 
with lipids it may be coupled to a fatty acid such as 
phosphatidylethanolamine (PE) by the use of a cross-linking 
Id agent such as succinimidyl 4-(p-ffialeiinidophenyl)butyrate 
(SMPB). 

Liposomes may for example be prepared by dissolving 
the lipid starting material in a solvent and evaporating the 
solvent* VbB lipid layer is then dispersed with aqueous 

15 saline or a buffer (if it is intended to incorporate the 
polypeptide into the liposomes after vesicle formation) or 
with an aqueous suspension of the polypeptide (if it is 
intended to form vesicles in the presence of the 
polypeptide) . The dispersion is then agitated, for example 

20 by soiiication. polypeptide may then be added where it is 
not already incorporated in the surface of the liposomes and 
the vesicles again agitated. 

An alternative method is to add the lipid starting 
material to an aqueous phase and slowly heat the mixture. 

25 It is then agitated to form liposomes. The aqueous phase 
may contain the polypeptide or it may be added subsequently. 

h further method of preparing liposomes coxsprises 
the rapid injection of an ethanolic solution of lipid into 
aqueous saline or a buffer which has previously been purged 

30 with nitrogen. TtxB resulting liposome preparation is then 
concentrated by ultrafiltration with rapid stirring under 
nitrogen at low pressure to avoid the formation of larger 
non-heterogenepus liposome. The ethanol may be removed from 
the vesicle fraction by analysis or washing with an ultra- 

35 filter. The polypeptide may be present in aqueous solution 
or alternatively the liposome fraction obtained after 
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xiltraf iltration nay be lightly sonicated vith the 
polypeptide » 

The liposome preparations obtained in the manner 
described above comprise aqueous dispersions of the lipid 
5 vesicles* 

If the liposoines compriise neuraadnidase then this 
must be inactivated. This may be achieved by heating the 
aqueous dispersion of liposomes comprising active 
neuraminidase to a temperature of for example from 30 to 

10 60*Cr for example from 50 to eo^C, more preferably from 53 
to 58°C and most preferably about S5'C. The length of time 
required for neuraminidase inactivation will depend on the 
strain of virus iand the temperature but is typically from 5 
minutes to 5 hours, for example from 15 minutes to 3 hours. 

15 At low temperatures eg. 30'C a longer period of heating is 
required f whilst at higher temperatures a shorter period 
is required. We have found for influenza virus that heating 
at 55^C must be for 120 minutes or more^ for example up to 
180 minutes, in order to achieve an optimum effect. At 

20 56^C, however, the optimal period for heating is from 6 to 
10 minutes, for exaaple about 8 minutes. 

Alternatively, active neuraminidase may be 
deactivated by incubation of the liposomes with a 
neuraminidasie inhibitor such as DDAN. As a further 

25 alternative active neuraminidase may be inactivated by heat 
or inetjbation with a neuraminidase inhibitor prior to 
incorporation into the liposomes. 

A suitable way of pr^aring liposomes comprises: 

(a) disrupting a myxovirus and removing the viral genome 
30 and internal viral protein or proteins; and 

(b) forming liposomes in the presence of the material 
remaining, especially the envelope protein or proteins; and 

(c) inactivating the neuraminidase present in the thue- 
formed liposomes. 

35 Step (a) may be achieved be detergent 

solubilisation of viral particles and removal of internal 
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viral proteins and RNA. In an alternative way of preparing 
liposomes I th"" cell surface-binding polypeptide nay be 
prepared by a recombinant DNA nethodology. It will then 
necessarily be provided free of neuraminidase, so liposooes 

5 substantially free of active Muraainidase are necessarily 

' obtained. 

The lipoisomes of the present invention may be 
administered in the form of a pharmaceutical or veterinary 
composition which additionally comprises a suitable 
10 pharmaceutical ly or veterinarily acceptable carrier or 
diluent. The compositions are suitable for administration 

intranasal ly. 

The compositions are preferably provided in a 
sterilised form. They may take the form of an aerosol. The 

15 compositions may further comprise preservatives, stabilisers 
and other conventional vaccine excipients if required. 

The dosage of liposomes will vary depending upon a 
variety of factors. These include the nature of the cell 
eurface-*binding protein^ the recipient (human or animal), 

20 the vaccination schedule and the extent of adjuvanticity 
conferred by the preparation. In general a dose of 
liposomes may be administered intranasally' as a single unit 
or as a multiplicity of a sub-dosage over a i^riod of time. 
Typically the unit dose for intranasal delivery to a human 

25 is from 2 to 500 fig. 

We have also found that inactivated influenza virus 
which is substantially free of inactive neuraminidase is 
highly immunogenic when administered intranasally. This 
finding also has general applicability. The invention 

30 therefore further provides: 

- an influenza virus which is not infectious and lAich is 
substantially free of active neuraminidase, for use as an 
influenza virus; and 

- use of an influenza virus which is not infectious and 

35 Which is substantially free of active nexiraminidase in the 
preparation of a medicament for use as an influenza vaccine. 
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The influenza virus may be any influenza virus, for 
example type A, B or C. The virus is the virus against 
which it is wished to vaccinate. The neuraminidase nay be 
inactivated by heating or specific inhibitors. An aqueous 
5 dispersion of the virus nay be heated. . Heating aay be 

carried out at a temperature of for exaiople from 30 to 60%, * 
more preferably from 53 to 58% and most preferably about 
55%. 

The length of time for which heating must be 

Id conducted to ensure neuraminidase inactivation will depend 
upon the strain of virus and the temperature but is 
typically from 5 minutes to 5 hours, for. example frm 15 
minutes to 3 hours. At low temperatures, e.g. 30%^ a 
longer period of heating is required than at higher 

15 temperatures . We have found that heating at 55% must be 
for 120 minutes of more, for example up to 180 minutes, in 
order to achieve an optimum effect. At 56%, however, the 
optimal period for heating is from 6 to 10 minutes, for 
example 8 minutes. 

20 The influenza virus is inactivated. In particular, 

viral infectivity is inactivated. This may be achieved by 
the heating to inactivate the neuraminidase. Typically, 
however, it is achieved by irradiation with ultraviolet 
light to provide a fail-^safe inactivation procediire. This 

25 may be carried out before, simultaneously with or after 
treatment to inactivate the neuraminidase. Irradiation is 
carried out for at least 5 minutes, for example for from 5 
to 60 minutes, at 400MV/cm^ at a short wavelength, for 
example from 240 to 250 nm. The ultraviolet-inactivated, 

30 heated virus is grown in the allantoic fluid of oibryonated 
hens eggs, for 2-3 days, recovered and purified on sucrose 
gradients. 

The inactivated influenza virus substantially free 
of active neuraminidase is administered in the form of a 
35 pharmaceutical composition which additionally coaqprises a 
suitable pharmaceutically acceptable carrier or diluent* 
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The compositic . are suitable for adnlnlstratlon 

intranaswlly. 

The c^^nposltions are preferably provided in a 
eternised fozn. They nay take the form of an aerosol* The 
5 compositions may further coaprise preservatives, stabilisers 
and other conventional vaccine eaeeipients if rmguired. 

. The dosage of inactivated virus will vary depending 
upon a variety of factors. An effective amount of the 
inactivated influenza virus substantially free from active 

10 neuraminadase is administered to a person in need of 

vaccination, in particixlar in need of vaccination against 
the said virus* Factors which need to be taken into account 
in assessing dosage include the age of the recipient, the 
vaccination schedule and the extent of adjuvanticity 

15 conferred by the preparation. In general a dose may be 
administered intranasally as a single unit or as a 
multiplicity of a sub-dosage over a period of time. 
Typically the unit dose for intranasal delivery is from 2 to 
500 fiq. 

20 The vaccines of the invention exhibit advantages 

over current influenza vaccines. These include 
immunogenicity, the convenience of intranasal administration 
and the production of local mucosal immunity. 

The invention will now be further illustrated by 

25 means of the following Example. In the acconq;>anying 
drawings: 

Figure lA shows the ELISA titres against X31 
influenza virus in sera from Balb/c mice immunised 
intranasally (i.n.) with heated and acid-'treated virosomes 
30 or virus; 

Figure IB shows the ELISA titres against denatured 
virus in sera from mice immunised i.n. with heated and acid- 
treated virosomes or virus; 

Figure 10 shows the neutralisation titres of sera 
35 from mice immunised i.n. with heated and acid-treated 
virosomes or virus; 
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Figure ID shows the BKl titree against virus In 
sera from alee Immunised l*n. with heated and aeid-tareated 
vlrosooes or virus; 

Figure 2A shows the ELISA tltres against virus In ' 
5 sera from mice Insninlsed l.n. vlth heated and aold-treated 
virus ; ^ 

Figure 2B shows the neutralisation tltres against 
virus in sera from mice immunised i«n* with heated and acid- 
treated virus; 

10 Figure 3A shows the ELISA tltres against virus in 

sera from mice Inmunised i.n. with heated and acid-treated 
virosomes; 

Figure 3B shows the neutralisation tltres against 
virus in sera from mice immunised l.n. with heated and add- 
15 treated virosomes; 

Figure 4A shows the ELISA tltres against virus in 
sera from mice immunised l.n. with heated and acid-treated 
virosomes encapsulating the internal proteins and SNA 
("virosome-cores") ; 
20 Figure 4B shows the neutralisation tltres against 

virus in sera from mice immunised l.n. with heated and acid- 
treated virosome-cores ; 

Figure 5A shows the ELISA tltres against virus in 
sera fro:n mice immunised i.n. with heated and acid-treated 
25 virosomes encapsulating ovalbumin ("ova-virosomes*") ; 

Figure 5B shows the neutralisation tltres against 
virus in sera from mice Immunised i.n. with heated and acid- 
treated ova-virosomes; 

Figure «A shows the Individual ELISA tltres against 
30 virus in sera (2 days post-challenge bleed) from mice 
immunised i.n. with heated and acid-treated virus; 

Figure 6B shows the individual neutralisation 
titres against virus in sera (2 days post^challenge bleed) 
from mice immunised l.n. with heated and acid-treated virus; * 



35 



Figure 7A shows the individual ELISA titres against 
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virus in sera (2 d? 3 post-challenge bleed) from mice 
inmunised i.n. with neated and acid-treated virosooes; 

Figure 7B shows the Individual neutralisation 
titres against virus in sera (2 days post-challenge bleed) 
5 txam Slice ivsiunised i.n. with heated and acid-treated 
virosoves; 

Figure 8A shows the .individual ELISA titres against 
virus in sera (2 days post-challenge bleed) from nice 
iiBiinmised i.n. with heated and acid-treated virosome cores; 
10 Figure 8B shows the individual neutralisation 

titres against virus in sera (2 days post-challenge bleed) 
from nice iranunised i«n. with heated/acid-treated virosome- 
cores; 

Figure 9k shows the individual BLIS& jtitres against 
15 virus in sera (2 days post-challenge bleed) from mice 

inmunised i.n. with heated and acid-treated ova-virosomes; 

Figure 9B shows the individual neutralisation 
titres against virus in sera (2 days post-challenge bleed) 
from nice immunised i.n. with heated/acid-treated ova- 

20 virosomes; 

Figure lOA shows ELISA titres showing the effect of 
heating on the immunogenicity of virosomes administered 
i.n.; 

Figure lOB shows the neutralisation titres showing 
25 the effect of heating on the immunogenicity of virosomes 
administered i.n«; 

Figure 11 compares the anti-virus and neutralising 
antibody response following immunisation with heated 
virosomes. 

30 Figure 12A shows the effect of heating at 55^C on 

the immunogenicity of virosomes administered i.n.i 

Figure 12B shows the effect of heating at 55^C on 
the immunogenicity of virosomes administered i*n.; 

Figure 13 shows the effect of pre-treating 
35 virosomes or mice with gangliosides on the immunogenicity of 
virosomes given i.n.; 
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Figure 14A shows the ELZ6A results of sera from 
mice iiomunised i«n. on days 0 and 43 vith different doses of 
influenza virosomes; and 

Figure 14 B shows the neutralisation results of sera 
5 fron nice imnxinised i.n. on days 0 and 43 vith different 
doses of influenza virosoiaes. 

Preparation of virosonifts 

10 The procedure for making the reconstituted virus envelopes 
was similar to that described by Metsilc)co et al , (EMBO J. 
3429-3435, 1986) and Stegmann et al , (EMBO J. g, 2651-2659, 
1987) ♦ A pellet of X31 influenza virus (Smg) was 
solubilised in 0.7ml of lOOmM octaethyleneglyool 

15 monododecylether (Cx2E8) in dialysis buffer (1459M NaCl, 5idH 
Hopes, pH 7 •4) for 20 min at room temperature. The mixture 
was centrifuged at I70,000g from 30 ndn to remove the 
internal proteins and RNA. 0.56ml of the supernatant was 
added to 160mg of vet Bio-Beads SH-2 and shaken on a 

20 rotating table (approx* 400 rpxo) for 1 hour at room 

temperature. The supernatant was removed from the beads 
with a 23g needle attached to a 1ml syringe and added to 
80mg of wet Bio»Beads SM<-2 and shaken on a rotating table 
(approximately 500-60prpm) for 8 min yielding, a turbid 

25 suspension* The supernatant was removed vith a 23g needle 
and syringe. The virosomes vere separated from 
unincorporated protein by discontinuous sucrose gradients 
(40%/5% or 40%/20%/S%) spun at 170,000g for SOmin. The 
morphology of the virosomes vas analysed by electron 

30 microscopy using negative staining vith phosphotungstate. 

Virosomes containing encapsulated proteins, e.g. 
ovalbumin (Virosomes ^ ova) , vere made as described above 
except that lOO/xl of 200 mg/ml ovalbumin vas added prior to 
adding the SM-2 beads, virosomes-cores vere made as 

35 described above except that the interal proteins and SNA 
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were not renoved by centrif ligation. 

Anti-virus antibodies in the serim from vaccinated 
Slice vere measured by ELISA (enzyme<»link6d iaaunoadsorbMt 
5 assay) . The virus antigen vas diluted in carbonate coating 
buffer pH 9.5: 1/50 dilution of allantoic fluid fron hens 
eggs inoculated with virus or l|ig/nl of purified egg-grovn 
virus. Microtitre plates vere coated with antigen and left 
at 37®C for 1 hour and then overnight at A^C. After vashing 

10 the plates 3 times in 0.05% Tveen 20 in PBS IOOmI of 1* BSA 
vas added and left at 37®c for 1 hour to block the plates. 
The antisera to be tested was diluted down or across the 
plate in doubling or half log dilutions in 1% BSA in PBS and 
left at 4^C overnight. The plates were washed with 

15 Tween/PBS before adding the enzyme-conjugated second 

antibody at 1/500-1/1000 in 1% BSA in PBS. The plates were 
left at 37^C for 2 hours and washed in Tween/PBS. The 
substrate , o-phenylenediamine dihydrochloride (OPD) 
(lOmg/lOOml) in citrate buffer with 0.01% H2O2 vas added to 

20 the plates and the reaction stopped in H2SO4. The plates 
were read on a microplate reader at 492nm. The titres were 
end point titres determined by taking the titre at which the 
OD value was equal to the mean CD value obtained with 1/10 
dilution of control normal sera plus 2 standard deviations. 

25 Tn Vitro Wen^^ralisation Assav 

We have established a microtitre plate-based 
neutralisation assay on MDCK cells. Serial dilutions of 
antibody vere incubated with 2 logs of virus for 1 hour at 
37^C. These were transferred to microtitre plates with 70- 
30 90% confluent KDCK cells in HEM media without serum. After 
incubation at 370c for 1 how the supernatant vas removed 
and fresh MEM added with lOMg/nl trypsin. The plates vere 
stained after 48-72 hours and the neutralisation titres read 
by eye* 
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h:>t - H»i=^7n«aaliitlnatlon inhibition assay 

Bamagglutination and haenagglutination inhibition 
assays vers performed as described by Fazekas de 8t« Oroth 
and Webster, (J. Exp. Med. I21# 331*345, 1966). 

S Ex^rineTits 

Experinents were carried out as follows, referring 
to the Figures: 

EAfiwr^ 1 . 

Dose - 5Mg of X31 virus/virosones per souse in 30/a1 
10 volume given i»n. 

All virosoxnes were uv. inactivated for 5 min (400mW/cid2) 

Heating - heating carried out at 55^c for 20 min. 

Acid treatment - 1/lOOth volume of 3M acetate buffer pR 4.8 

was added to the virosones. These were left at 37^C for 15 
15 min before neutralising the acid vith IM Tris pH 7,5* 

Second immunization - 6 wee]C8 

Bleed tested - 12 weeks 

f Aemre^ 

Dose - 5Mg of X31 virus/virosomes per mouse in 30m1 

20 volume given i.n. 

Virosomes were uv inactivated for 5 min (400fiW/cm^) 
Heating - heating carried out at 55^C for 20 min. 
Acid treatment - l/lOOth volume of 3K acetate buffer pH 4,8 
vas added to the virosomes. These were le^ft at 37^C for 15 

25 min before neutralising the acid with IK l^is pH 7.5. 
Second immunization - 6 weeks 

Dose - 5 Mg of X31 virus/virosomes per mouse in 
20fil volume given i.n« 
30 virosomes were uv inactivated for S min (400MW/cm^) 
Heating - heating carried out at 55^C for 20 min. 
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Acid treatment - 1/10 0th volume of 3M acetate buffer pH 4.8 
was added to the virosones. These vere left at 37*^C for 15 
»in before neutralising the acid vith IM Tris 7.5. 
Second insunization 6 weeks 
5 Bleed tested - 12 veeks 

Dose - 3 M9 of X31 virosoaies per mouse in 30^1 
volxnae given i*n« 

Virosones were uv inactivated for 5 min (AOO/iH/cm^) 
10 Heating - heating carried out at S5^C for specified tines. 
Second immunisation - 6 veeks 

Dose - 3 ^g of X31 virosomes per mouse in 30^1 
volume given i.n. 
15 virosomes were uv inactivated for 5 min (400MW/cm^) 

Heating * heating carried out at 55^C for specified times. 
Second immunization « 6 veeks 
Bleed tested - 8 weeks 

Figure 12 

20 Dose • 3Mg cf X31 virosomes per mouse in 30^1 

volume given i.n. 

virosomes were uv inactivated for 5 min (400MW/cm2) 
Heating » heating carried out at 55^C for specified times. 
Second immunieatioh - 6 weeks 
25 Bleed tested - 12 veeks 

preiTicubatiftn vlth gsncfliosides and antibodv 

The virosomes vere dialysed against Hepes buffer 
(145mM NaCli 5mM Hepes pH 7.4 plus 3mK EDTA)* These 
30 virosomes were heated at 55^c for 1 hour. 
Dose * 3Mg/nPUse in 30^1 volume. 



Incubation with gangliosides - Virosomes were incubated at 
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37^C for 1 hour and then overnight at 4^C vith a 12 Molar 
excess of gemgllosides to viral hae&agglutinin. 

Pretreatoent of mice with gangliosides - 100 Holar excess of 
gangliosides to viral haenagglutinln* 

5 Incubation vith antibody - 20/ig of virdsomes were incubated 
in 40^g of purified HC2 antibody or 20iig HC2 Fab fragnentp 
for 2 hours at 37^C 

Administration of virosoipfefi vi^ gro 

2Mg of CTB (B-subunit of cholera toxin) was given 
10 together with 3fig of virosomes to each mouse. 

Second isimunization -* 6 weeks 
Bleed tested - 12 weeks 

Treatment witih DDAW 

20ng of virosomes were incubated vith ImN DDAN for 
15 1 hour at 37^0 and then at 4®c overnight, 
dose per mouse « 3Mg in 30^1 volume i.n. 

Second imiaunization • 6 weeks 
Bleed tested 12 weeks 

Figure 14 (Dose refipone^) 

20 Dose - variable dose of X31 virosomes in 30^1 volume given 
l.n. 

Virosomes were uv inactivated for 5 min (400/xV/cm^j 
Beating - heating carried out at S5^c for specified 
Second imininization - € weeks . 

25 2. BSSSI^ . 

Effect of acid-treatment en tha Immnagftnleltv irir^^ j^y,^ 
virosQines 

Influenza virus, influenza viroeonee, or influenza 
virosoaes containing cores (HBcAg) or ovalbuBin were treated 
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with acid (pH 4.8) for 30 nin. at 37*C- Acld-treataent o£ 
virus or viroaones led to a dramatic roduetion in 
imunogenicity of virua or viroaoDea given by the intranasal 
route as assayed by serun EUSA titres against native virus 
5 (Figures lA and 2A-5A) • This vas not due to the fact that 
acid destroys some of the neutralisation epitopes on 
haenagglutinin because lover responses were also observed 
when the sera were tested against 80S-denatured virus 
(Figure IB) . In addition, the levels of neutralising 
10 antibodies induced were considerably reduced if the inoculun 
was acid-treated (Figure IC and 

There appeared to be some protection against acid* 
inactivation of virosones containing cores but this say hB 
due to insufficient acidification of the boost inoculun (see 
15 Figure 4A & B) * Nhen the response of individual aniaals vas 
analysed there vas a consistent reduction in response if the 
virus or virosomes were acid treated (Figures 6 9). He 
also looked at the haemagglutination inhibition (HI) 
activity of the sera (Figure ID) , which also show a 
20 reduction in the titre of antibody stimulated when virosomes 
vere acid treated before inoculation. 

Acid-treatment (pH 4.8} of virus abrogates the 
ability of virus to fuse vith cells while virus attachment 
is unaffected. This is due to the irreversible 
25 conformational shift in the conformation of haemagglutinin 
that normally occurs inside the endospme after uptalce of the 
virus within coated pits. These results suggest that the 
virus or virosomes must not only bind to the mucosal 
surfaces but also fuse with the epithelial cells to 
30 stimulate optimal responses. 

Bffeet of heating at 55 'C on the immunoqenicitv of virus 
Mice inoculated intranasally with X31 influenza 
virus heated for 20 min. shoved significantly greater serum 
ELISA, HAI or neutralising antibody titres than mice 
35 receiving unheated virus (Figures lA-D) • Both the EUSA 
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titrea against native virus and the neutralising titrea vera 
approaching those observed following imounisation vitb the 
same dose of infectious virus (Figure 2) • In a further 
escperiBent virus was heated for only 8 aiinB. and again this 
5 led to an increase in response following intranasal 
inoculation (Table 1} • 

Responses to both the heated or infectious virus 
were observed at least 21 days before responses to 
inactivated virus. When the response of individual anisials 
10 was exai&ined there was an increase in response when the 
virus was heated and the BLISA titres paralleled the 
neutralising titres (Figure 6) » There wa&> however^ 
considerable variation probably due to the efficiency of 
inoculation. 

15 Effect of heating at 55'C on the imnunoganieitv vlrofiOBiAe 
In a preliminary experiioent, mice were inoculated 
intranasailly with virosoaes, or virosoaes containing cores 
or ovalbumini that had been heated for 20 nin. These heated 
virosoaes stimulated comparable or greater serum BLZSA or 

20 neutralising titres than mice receiving unheated virosomes 
(Figures 1-5). Figure 4 shows that uv-inactivated, heated 
virosomes containing viral cores stimulate a much earlier 
response than uv-inactivated or acid-treated virosomes. in 
addition, when the response of individual animals was 

25 examined there was little variation within the animal groups 
(Figure 7). The neutralisation titres showed greater 
variation but parallelled the EUSA titres. it should be 
noted that these virosc»nes were 'stored at 4^0, so it is 
possible that much of the neuraminidase activity was lest. 

30 Mice were immwized with fresh virosomes that were 

stored in 50% glycerol at -20^c. A dramatic increase in 
Immunogenicity was observed if the virosomes were heated for 
up to 128 mins. (Figures lOA and ii. Table 1). Tb^ levels 
of neutralising antibodies showed a more dramatic increase 

35 with increasing periods of beating (Figures lOB and 11}. 
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Animals Ismnmlzed vltb unheated viroso&as had undetectable 
levels of neutralising antibodies suggesting that the high 
responses observed in the previous experinents with unheated 
virosoaes were due to partial inaotivation of neuraminidase 
5 activity during storage at 4^C. In addition, when seruB 
fro3D individual sice vere analyzed a significant ix^ease in . 
ElilSA and neutralising antibody titre vas observed in sera 
from mice receiving virosomes heated for increasing periods 
of time (Table 2, Figure 12). 

10 Effect of Specific Inactlvation of KeurMilnidase on the 
Trnnunoaenieltv of Virosomes Civen Intrenesellv 

We have carried out an experiment to determine 
whether the increase in immunogenicity observed with heating 
of virosomes vas due to inhibition of neuraminidase (NA} • 

15 Thus, the NA in virosomes vas specifically inactivated vitb 
the neuraminic acid analogue, DDAN« DDAN-treated virosomes 
stimulated a greater response than untreated virosomes (log 
titre of 2.2 cf 1.6) shoving that inhibition of 
neuraminidase leads to an increase in immunogenieity of 

.20 intranasally administered virosomes. 

Effect of Specific Blocking of Viroaome Attachment bv Pre> 
incubation vlth Ganaliosldes on the Immun'oaenicltv of 
virosomes given Intranasal Iv 

25 In order to study the effect of blocJcing virosome 

attachment on the immunogenieity of intranasally 
administered virosomes ve have pre- incubated virosomes in 
various sialic acid-containing gangliosides. Sie 
immunogenieity of influenza virosomes administered 

30 intranasally (ivn.) could be partially abrogated 1^ pre- 
treating the virosomes vith GMl or 601a gangliosides but not 
by pre-treating vith GTlb or a ganglioside mixture (Figure 
13) « similarly, ve have found that the virosome-mediated 
haemagglutination vas partially inhibited only by the GHl 

35 and GBla gangliosides. These experiments shov that binding 
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Of virosomes to sialic acid receptors is critical for their 
inaunogenlcity « 

-Effect of p re^treatina alee vlth aanaliosldes on the 
Response of tniee te viroflomefl given intranasallv 
5 He have studied the effect on the response to 

virosoaes of increasing the viral receptors on. the 
respiratory mucosal surfaces through intranasal pre- 
treatment of mice with various gangliosides (Figure 13) • 
Pre*treatment with 6M1 ganglioside but not 6Dla GTlb ot a 
10 ganglioside mixture led to an increase in response 

presximably because of ah increase in density of receptors or 
replacement with higher affinity receptors on the mucosal 
surfaces facilitating greater binding and uptake of the 
virosomes* 

15 Effect of Specific BlQckinq of Virogome Attaehamt bv Pre* 
incubation vlth Neatralislna Monoclonal Antibodies on the 
imnunoaenlcltv of Virosomes Given Intranasallv 

Pre- incubation of virosomes with a neutralising 
monoclonal antibody (either whole or Fab fragments) 

20 completely inhibited haemagglutination. However, the 
immunogenicity of the virosomes was unaffected by prior 
incubation of virosomes in whole antibody or Ftib fragments 
or i.n. inoculation of Fab fragments 2 hours after 
inoculation with lontreated virosomes. This result is 

25 surprising and may indicate that some neutralising 
antibodies do not prevent virus binding or entry into 
mucosal epl the lia but some later event (e.g. secondajry 
uncoating) . studying the fate of antibody-treated virus or 
virosomes should provide some insight into the mechanisms of 

30 humoral immunity in the respiratory tract. Moreover, with 
regards intranasal vaccination of humans, it is encouraging 
if the presence of local neutralising antibody fails to 
reduce the immunogenicity of intranasally*administered 
virosomes. 
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T.ff^nn of AdTDinisterinq the B^subunit of Cholara Toxin fCT> 

Intranagallv TooetAer with Virofionifta on ^ha 
iiriMtinoognieltv of the Virosomes 

tfe investigated whether CTB could enhance the 
5 responses to virosomes administered intranasally. Figure 13 
shows that there was a dramatic increase (10-^fold) in 
response to the virosomes when given with CTB) • 

Dose response study of virosomes administered intranasally 
He have studied the response to a range of doses of 

10 virosomes administered intranasally. These virosomes were 
unheated and fresh so the antibody responses are relatively 
low. A clear dose response effect was bbserved with the 
minimal immunogenic dose being lug (Figure 14) • We have 
repeated this experiment using heated virosomes which ve 

15 would expect to be much more immunogenic. 

Pr9teetion aqqjpst ChqU^nfffi 

All the animals receiving intranasal inmtinisations 
of virus or virosomes have been challenged with live virus 
and the lungs were removed 2 days later. Preliminary 
20 challenge lung titres indicate that animals immunised with 
virus or virosomes that were not acid-"treated were 
completely protected against infection. 
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Table 1 - INTRANASAL IMMOKISATIOW OP BALB/e MTCE WITH 
IKFLDENZA VIROSOMES 

gffeet of hcatlno at SS'C on tumunnaanleltv of vlrosfmes 



SCSSSB, 




Heat 




m,9h urns rw) 


5 63A 


VXR0SOMB8 


Mot heated 


3itg 


1.90 (0.25) 


63B 


VIROSOMES 


heated 2inin 


3Mg • 


2.02 (0.25) 


63C 


VIROSOMES 


heated Snln 


3Mg 


2.52 (0.43) 


63D 


VIROSOMES 


heated 32nin 


3Mg 


2.80 (0.54) 


. 63E 


VIROSOMES 


heated 128inln 


3W 


3.09 (0.64) 


10 63P 


VIRDS 


Ndt heated 


3nq 


3.44 (0.44) 


63G 


VIRUS 


heated 8&in 


3Mg 


2.87 (0.77) 


63H 


in. PBS 


control 




<1.50 (0.17) 


Bleed t»Btedt — 23/2/90 - 4 vieeks after Briiaarv inmmlsatiAn 
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Table 2 - lyPRAWASAL I MMmiTSATION OF BALB/C MICE WITH 
TMTTJreNZA V T^OSOWES » RESPONSE OF IWDTVIimL_MICE 
E ffort of hfliitlnfl It ^i S5'C Off Tinninngftwlei^ 

HT^TSA TrpRES MEAN TITRE 



€3A VlfiOSOKES 



10 



63B VISOSOMES 



15 





fninal 


H2 


J2S 


m 


Mot heated 


G 


1.21 


1.23 






Y 


1.98 


1.89 






M 


1.26 


1.14 


1.64 




W 


1.48 


1.23 






R 


1.31 


1.10 




heated 2&in 


M 


<1.00 


<1.00 






W 


1.38 


1.02 






G 


2.02 


1.38 


1.64 




R 


1.24 


1.22 






Y 


1.78 


1.42 





J22 



1.44 



1.24 



EIJSA TTTRES HEAW TITRE 



Group Antigen 
63C VIROSOMES 



20 



63D VIROSOHES 



25 



63E VIROSOHES 



30 





m 


m 




m 


hieated 8min 


R 


2.26 


1.99 








Y 


1.21 


1.06 








6 


1.72 


1.81 


1.95 


1.69 




H 


1.86 


1.80 








M 


2.12 


1.13 






heated 32inin 


M 


2.33 


1.75 








Y 


2.22 


2.28 








R 


1.78 


2.16 


2.12 


2.04 




6 


2.29 


2.19 








W 

• ■ 


1.65 


1.07 






heated 128ain 


R 


2.33 


2.33 








Y 


2.59 


2.24 








H 


1.84 


1.51 


2.31 


2.46 




W 


1.88 


1.48 








6 


2.47 


2.99 







Bleed tested: 30/3/90 - 4 weeks after second iniiittnisBtione 
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MAIMS 

1« Liposomes which have present on their surface a 
polypeptide capable of binding to a sucoeal cell surface of a 
huaan or animal and which are substantially free of active 
5 neuraminidase* 

2. Liposomes according to claim 1, in which the 
haemagglutinin is a haemagglutinin a ^yxovirus* 

3. Liposomes ftceording to claim 2, in vhlch the ' 
myxovirus is influenza, mumps or measles virus. 

10 4« Liposomes according to claim 1, in which the 

polypeptide is a bacterial adhesion polypeptide* 

5. Liposomes according to any one of the preceding 
claims which encapsulate a physiologically active substance. 

6. Liposomes according to claim 5, wherein the 
15 siibstance is a peptide, protein or adjuvant. 

7. A process for the preparation of liposomes 
according to any one of the preceding claims i which process 
comprises forming liposomes which have present on their 
surtaces the said polypeptide and which are suDsrantiaiiy tree 

20 of active neuraminidase. 

8. A process according to claim 7, which comprises: 
(a) disrupting a myxovirus and removing the viral genome and 
internal vital protein or proteins; 

(b} forming liposomes in the present of the material 

25 remaining; 

(c) inactivating the neuraminidase present in the thus- 
formed liposomes. 

9. A process according to claim 8, herein the 
neuraminidase is Inactivated by heat or by incubation with 

30 neuraminidase Inhibitor. 

10. A process according to claim 9, in which the 
inactivation is achieved by heating to a temperature from 50 
to 60 or by incubation with 2,3-dehydro-2'^oxy-N- 
acetylneuraminic acid. 

35 ii. A process according to claim 7, wherein 

liposomes are formed using a said polypeptide which is 
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recombinant polypeptide* 

12. A pharmaceutical cos^osition vhicb coaxprisee 
liposomes according to any on6 of claims 1 to 6 in association 
with a pharmaceutically acceptable carrier or diluent. 
5 13. A composition according to claim 12 vhich is in 

a form suitable for intranasal administration. 

14 • An influenza virus yhich is not infectious and 
vhich is substantially free of active neuraminidase, for use 
in a method of treatment of the human or animal body by 
10 therapy. 

15. A virus according to claim 14, for use an 
influenza vaccine. 

16. A virus according to claims 14 or 15 1 ^ich has 
been heated to inactivate the neuraminidase. 

15 17. A virus according to claim 16, wherein the said 

heating has been conducted at a temperature of from 50 to 
60*C. 

18. A virus according to any one of claims 14 to 17, 
vhich has been rendered non*infectious by treatment with 

20 ultraviolet light. 

19. Use of an influenza virus vhich is not 
infectious and vhich is substantially free of active 
neuraminidase in the preparation of a medicament for use as an 
influenza vaccine. 

25 20. Use according to claim 19, vherein the virus has 

been heated to inactivate the neuraminidase. 

21. Use according to claim 20, vherein the said 
heating has been conducted at a te]q>erature of from 50 to 
60'C. 

30 22. Use according to any one of claims 19 to 21, 

vherein the virus has been rendered non-infectious by 
treatment with ultraviolet light. 
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